Structural analysis of the diadenylate cyclase reaction of DNA-integrity scanning protein A (DisA) and its inhibition by 3'-dATP.
The identification of the essential bacterial second messenger cyclic-di-AMP (c-di-AMP) synthesized by the DNA-integrity scanning protein A (DisA) has opened up a new and emerging field in bacterial signalling. To further analyse the diadenylate cyclase (DAC) reaction catalysed by the DAC domains of DisA, we crystallized Thermotoga maritima DisA in the presence of different ATP analogues and metal ions to identify the metal-binding site and trap the enzyme in pre- and post-reaction states. Through structural and biochemical assays we identified important residues essential for the reaction in the active site of the DAC domains. Our structures resolve the metal-binding site and thus explain the activation of ATP for the DAC reaction. Moreover, we were able to identify a potent inhibitor of the DAC domain. Based on the available structures and homology to annotated DAC domains we propose a common mechanism for c-di-AMP synthesis by DAC domains in c-di-AMP-producing species and a possible approach for its effective inhibition.